Toxicity of anti-carcinogenic retinoids in organ culture. by Bard, D. R. & Lasnitzki, I.
Br. J. Cancer (1977) 35, 115.
Short Communication
TOXICITY OF ANTI-CARCINOGENIC RETINOIDS
IN ORGAN CULTURE
D. R. BARD AND I. LASNITZKI
Front the Strangeways Research Laboratory, W1ort's Causeway, Canmbridge, CB1 4RN.
Received 23 July 1976 Acceptedi 3 August 1976
CONSIDERABLE interest has been aroused
in recent years by the ability of retinol,
retinoic acid and some of their derivatives
to oppose chemically induced carcino-
genesis of various epithelial tissues in
experimental animals (Chu and Malmgren,
1965; Saffiotti et al., 1967; Bollag, 1972,
1974, 1975). These compounds also in-
hibit and reverse the changes induced by
3-methylcholanthrene in organ cultures of
mouse prostate (Lasnitzki, 1955; Las-
nitzki and Goodman, 1974), whilst clinical
trials show that retinoic acid causes the
regression of bladder papillomas and
keratinizing skin tumours (Bollag and Ott,
1970; Evard and Bollag, 1972). The use-
fulness of vitamin A in the chemotherapy
of tumours is, however, limited by the
toxicity of the doses required to inhibit
carcinogenesis, and the search for more
suitable compounds has centred upon the
synthesis ofanalogues ofretinol or retinoic
acid, in an attempt to produce efficient
anti-tumour agents of low toxicity.
The toxicity of retinoids can largely be
attributed to their action, at higher than
physiological concentrations, in destabi-
lizing membranes, thus causing the release
of lysosomal enzymes (Dingle and Fell,
1963). This property is most readily
observed in cartilage, in which these
enzymes degrade the matrix, with the
resultant loss of protein-polysaccharides.
Goodman et al. (1974) have followed the
effect of some retinoids by metachromatic
staining and by measuring the appear-
ance of proteoglycan fragments in the
medium of organ cultures of rabbit ear
cartilage.
In the present study, the release of
sulphate from the matrix of rabbit ear
cartilage has been used as a measure of
toxicity. The protein-polysaccharides of
rabbit ear cartilage were labelled with
35SO42- in organ culture, and the loss of
the isotope in the presence of 13 retinoids
determined, and related to their structure.
The loss of metachromasia was also
examined.
Cartilage was explanted by a modified
Trowell technique, and incubated for 20h
with Medium 199 (Morgan, Morton and
Parker, 1950) containing 15% foetal calf
serum and 21,Ci/ml [35S]sodium sulphate.
After this initial incubation, unbound sul-
phate was removed from the cartilage by
thorough washing, and the cultures carried
on, for up to 5 days, in the presence of
retinol, retinoic acid, or one of their
derivatives, in a concentration of 2, 5, 10
or 20 /Mm. The structures ofthe synthetic
retinoids are shown in Fig. 1. At the
completion of the incubation, the labelled
cartilage was completely digested in
protease, andtheradioactivityofthe digest
and the medium measured by liquid
scintillation counting. Sulphate release,
even in the presence of the most active
compounds, was linear for the first 3 days
of incubation, and results were expressed
as the proportion of sulphate released
during this time, divided by the values forD. R. BARD AND I. LASNITZKI
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FIG. 1.-Structures of synthetic vitamin A analogues.
the retinoid-free controls for the same set
ofincubations.
Explants which had not been exposed to
the isotope were maintained under identi-
cal conditions to the labelled tissue, for
periods of up to 7 days, for examination of
their metachromasia. These explants
were fixed, processed for histology and
stained with toluidine blue.
Retinoic acid, and all its analogues
which retained the carboxylic acid group,
induced the release of 60% to 90% of the
labelled sulphate from the explants during
the first 3 days ofincubation, a value over
twice that of the controls. None of these
acidic compounds were significantly dif-
ferent in their effects from retinoic acid,
although this category included structures
as diverse as the dimethylacetylcyclopen-
tenyl (DACP: Ro8-7699) and trimethyl-
methoxyphenyl (TMMP: RolO-1670) ana-
logues, all-trans-A2-retinoic acid (Ro8-
7057), 13-cis-,f-retinoic acid (Ro4-3780)
and 13-cis-a-retinoic acid (Ro8-7201) (Fig.
2). Retinol, and derivatives of retinoic
acid in which the carboxyl group had been
replaced by a less polar moiety, such as an
ether, ester or amide, caused much less sul-
phate to be lost, and 2 ofthese compounds,
RolO-9359 and Rol-5218, were signi-
ficantly less active than retinol (P= 002)
(Fig. 2.) The efficiency of retinoic acid
and the DACP derivative, Ro8-7699, and
the lower activity ofretinol in causing the
breakdown of cartilage has been noted by
Goodman and co-workers (1974). The
concentrations of the vitamin A
poundshadlittleinfluence ontheiractivity
within the range used, and none of the 5
compounds examined showed any signifi-
cant difference between the 2-, 10-, and
20-/zM concentrations (Fig. 3).
The histological changes in the cartilage
supported the results of the sulphate
release experiments. Tissue kept for 7
days without retinoids showed small losses
of metachromasia from the edges of the
explants (Fig. 4a), whereas cartilage main-
tained in the presence of 51UM retinoic acid
and the other acidic derivatives, such as
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FIG. 3.-Effects of different concentrations of retinoic acid, retinol, 11-1430, 1-5218 and 10-1670 on the
release of sulphate from pre-labelled rabbit ear cartilage.
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RolO-1670, showed a total lack ofstaining,
and signs ofcell shrinkage withvacuolation
of the cytoplasm (Fig. 4c, d). The same
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concentration of retinol caused only a
partial depletion of metachromasia
throughout the matrix, and better cell
survival (Fig. 4b), while explants incu-
bated with the ethyl ester of the TMMP
derivative of retinoic acid, RolO-9359,
retained almost as much metachromasia
as the controls, and losses were restricted
to the edges of the explants (Fig. 4e).
The results support the hypothesis that
retinoic acid may act as a detergent in
destabilizinglysosomalmembranes (Dingle
and Fell, 1963), since all the compounds
with carboxylic acid groups are active, and
the replacement ofthe acid moiety by less
hydrophilic groups would diminish their
efficiency as surfactants. The results also
imply that in cartilage, at least, ethers,
esters, and amides are not converted
extensively to retinoic acid. The possi-
bility that these conversions may take
place in other tissues, and consequently
affect the pharmacology of these com-
pounds, cannot be excluded at present.
The anti-carcinogenic activity appears
to be unrelated to the interaction with
membranes, since the most effective anti-
carcinogens are not necessarily the most
polar (Lasnitzki, 1976), and detergents of
different structures do not oppose tumour
development (Lasnitzki and Goodman,
1974). The identification of compounds
which combine potent anti-carcinogenic
action with low activity in destabilizing
lysosomes offers considerable hope for the
eventual development of an effective anti-
tumour agent of low general toxicity.
We are greatly indebted to Dr W.
Bollag and Dr N. I. Pollitt of Hoffmann-
La Roche, Basle, Switzerland, andWelwyn
Garden City, England, for the generous
gift of the vitamin A analogues.
We thank Miss A. A. Turner for skilled
technical assistance. The work was sup-
ported by the Cancer Research Campaign.
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